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AERODYNAMIC CEARACXERISTICS OF A THREE-BLAIXE P R O P E L J X R  

HAVING MACA lo-( 3) ( 08)-03 BLKDES 

By Robert E. Davidson 

Data obtained in tests of a 10-foot  diameter, three-blade propeller, 
having NACA 10-(3)(08)-03 blades, conducted fn t he  Langley 16-foot 
high-speed tunnel m e  presented. The propeller performance quantitlee 
related by the  tes ts  aze thruet, torque,  efficiency, and advance ra t io  
for various  rotational epeeas or  stream Mach nunibera with  blade angle 
as 8 parameter. Advme Mach riders varied. from 0 .X! to 0 .a. 

The National Advisory C-ttee for Aeronautics ha8 completed a 
Broad program of propeller aerodynamic tests t o  determine the  effect  
of varying  the  solidity, cmiber, th ichese ,  shank form, Etnd blade 
number 

The purpose of the tes ts  discussed  herein was t o  ehm the effect 
of vaxying the nuniber  of blades In a propeller. Tor this purpose the 
test results may be coinpared with  those in reference 1 which describes 
similar t es te  of a two-blade propeller using blades identical with those 
in the  three-blade  propeller. 

The t e s t s  were conducted at various  tunnel  velocitles for constant 
values of propeller  rotational speed and blade angle (See table I fo r  
summary of tests.)  The fixed. rotational speede w e r e  U40, 1350, 1500, 
I ~ O ,  2000, and 2160 r p m .  b m e  m e a  at t h e  three-quarter radius 
ranged from 20° t o  55O in 5 increments 

A f e w  t o o t s  a t  B = 45O were made at oonstant Mach number fo r  
0 *75R 

various ro ta t iona l  speeds from the speed which  gave approximately zoro 
torque to   t ha t  which required  the maximum available dynmmter torque. 
The dynamometer torque limitation  required sama of the  conotant Mach 
number t e s t s   t o  be terminated before peak efficiency had been'reachod. 
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The t e s t s  were conducted in the Lm@e;p. 16-foot high-qeed tunnel 
with  the 2000-horsepower propeller dynamamster and related equipment 
described in reference 1 

Prowdler  c0nfimratian.- The propeller conf&pratfm was as 
follows : 

Nuniberofblades . .  . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Mameter, f e e t .  . . . . . . . . . . . . . . . . . . . . . . . . .  10.05 
NACA blade  designation . . . . . . . . . . . . . . . . .  lo-( 3)(08)-03 

 blade^ .- The blades w e r e  designed a t  the NACA Langley Laboratory 
and are designated NACA lo-( 3)( 08)-03. While the nuniber of blades i n  the 
subject  propeller wae W e e ,   t h e  blades were desigaed for use 011 a 
four-blade propeller.  Blade-fom  curves  are given in figure 1. The 
blades are characterized by the fol lming data f o r  the section a t  the  
0.7 radius : 

Design l i f t  coefficient . . . . . . . . . . . . . . . . . . . . . . .  0.3 
Thickness ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.08 
Blade solidity. . . . . . . . . . . . . . . . . . . . . . . . . . .  0.03 

IZEDUCTION OF DATA 

A camplete descrfption of the method of measuring thrust,. torque, 
rotatianal speed, and alrspeed i s  given i n  reference 1. From these 
quantities the propeller  coefficients were determined.  PrqpeUsr  thrust 
a8 used herein i s  propeller &aSt tension  with  spinner  force removed. 

b 

C la 
cP 

cT 
D 

h 

blade chord, feet. 

design  section l i f t  coefficient 

parer  coefficient (P/pn3~5) 

thrust coefficient ( T/pn2D4> 

propeller  diameter, feet 

blade-section maJdmzrm thiclmees, feet 

. 
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J advance .ratio (v /~D)  
W Mach nmiber 

% he l i ca l   t i p  Mach nzrniber 

n propeller  rotational speed, rps 

T propeller thrust, polmda 

V velocity of advance, feet per second 

B blade angle, degrees 

$0 *7m 
blade angle at  three-fourths t i p  radius, degree8 

propeller  efficiency rl 1 

Faired curves of propeller perforprance are presented Fn figures 2 t o  9. 
Test points m e  ahown on the  curves glvlng thru8t and power coefficient. 

Shown on the propeller-efficiency curpee are plots of stream and 
hel ica l   t ip  Mach nuuiber ae a function of J. Small diacontfnuities in the 
Mach nmiber curves fo r  the IndllviduEtl t e s t s  appeased in  the data. These 
discmtinuities,  cawed by changes in  atmospheric cmditione between 
periode of tunnel operation, have been faired out t o  show a continuoue 
variation of Mach mmiber w i t h  J. 

Ehvelope-efficiency  curve8 azw plotted in figure 2 as a function 
of  advance r a t io   fo r  varioue  rotational speeds - Also shown in figure 2 
i s  the induced efficiency of a propeller w i t h  the Betz loading and the 
same disk power loading 88 the abject  propeller  operating at the 
envelope-efficiency advance r a t io  for each blade angle tested at 1350 rpm. 
The efficiency of this idea3  propeller wae obtained from the charts of 
reference 2 and is labeled optimum efficiency in  figure 2. 

DISCUSSION 

Remarks on blade number and solidits.- Figure 10 shows peak 
efficiency at = 45O plotted  against   t ip Mach  number for t h r e e  

propellers  differing in sol idi ty  and blade n d e r .  As the advance 

I 
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re t io   for  peak efficiency is substantially  the sams for  the three 
propellers,  figure 10 indicates the effect of varying blade nuniber or  
solidity . 

The propellere have the following  characteristics at the 0.7 radius : 

Propeller D e s i g n  
CL 

lo-( 3)( 08)-045 
2 blades 

0 03 

*3 

=3 

SOLidLl  t y  

.060 

. 090 

. 090 

The curve for  the  propeller w i t h  two lo-( 3 ) (  08)-03 blades ccnrrpared 
with that   for  the propeller with two 10-(3)(08)-045 blades shows the 
decrease in  efficiency  result ing frm increasing disk power loading 
(o r ,   i n  this case,  parer  coefficient) by increasing so l id i ty  

The remilts fo r  the propeller wfth two lo-( 3)(  08)-045 blade8 C- 
pared w i t h  those. for  the propeller w i t h  three IO-( 3)  (08)-03 blades 
show the  increase i n  efficiency  resulting fram increasing the nfmiber 
of blades  for a given se t  of design  conditione,  that is, scale, advance 
rat io ,  and power .coefficient.  Actually,  the two-blade propeller 
operated at a p m r  coefficient slightly less than that of the,three-blade 
propeller which  would mean that  the .difference i n .  efficiency would have 
been greater than is fndicated by fi- 10 i f  the parer  coefficients 
had been equal. The trend  indicated by this cnmparison is in  agree- 
meqt with theory which indicates that f o r  opthum  propellers an increase 
in   the nuniber of blade5 w i l l  fncrease  efficiency under given desi= 
conditiom (advance ra t io  and pcrmr coefficient  held  constant). 

The U - t i o n  of m e  more identical blade to a two-blade propeller 
results in 8 decrease in efficiency, however, because the effect of 
increasing disk  power loading more than balances the tendency of the 
efficiency  to be increased by an increase in blade nmber. (See curves 
for  the propellers with two lo-( 3)( 08)-03 blades and with 
three lo-( 3)(08)-03 blades in  f ig .  10.) 
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The effect of cmressibility on -peak efficiency and power 
coefficient  at the desim blade w e . -  F i p  10 ehows the effect. 
of compressibility on peak  efficiency  at B 0 -7% = 45O 

coefficient  for t he  propeller Kikh three 10-(3)(08)-03 blades and 
the  propeller with two lo-( 3)(  08)-03 blades at P 

Figure ll shows the  effect of cmpreesibility on t he  power 

0 -7% 
= 45O. 'phi6 

figure  indicates t h e  considsrable  difference in tip Makh number  at 
which  major changes in parer  coefficient  occur  for a two-blade 
propeller ae ccqared nith a three-blade propeller  under the cmditfon 
of  identical blades for both propellers. The compa15son fa made on 
the  basis  of peak efficiency  for both propellers. The ccmparative 
magnitudes of t h e  parer  coefficients f o r  the two  propellers are not 
to be conaidered  imgortant  because, while peak efficieFy tends to 
be insensitive  to small  va,riatione fn J,  power  coefficient changes 
=pi- w i t h  J. 

Langley Aeronautical  Laboratory 
National Advisory Committee  for Aermwtics 

Langley Field, Va. 
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Figure 1. - NACA 10 -( 3) (08) -0 3 blade-form curves. 
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Figure 2.- Envelope  efficiency of three-blade  propeller with NACA 10-(3)(08) 4 3  blades. 



Advance ratio, J 1 1 ' .  " 

, 
. ,  . ! 

(a) Thrust co&cient. 

3.- Characteristics d three-blade propeller with NACA 10-(3)(08) 0 3  blades. ~ ! , ~ t a ~ o n a l  sped, 
1140 rpm. 
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(b) Power coefficient. 

Figure 3.- Continued. Rotationd speed, 1140 rp*. 
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(a) Tbrust coafPicient. 
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(e) Efkiency. 

Figure 4.- Concluded. Rotati~nal speed,  1350 rpm. 
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(b) Power coefficient. 

Figure 6.- Cmtinued. Rotational speed, 1600 rpm. 
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(c) Efficiency. 

Figure 6.- Concluded. Rotational speed, 1600 rpm. 



(a) Thrust coefficient. 

Figure 7. - Characteristics of three-blade  propeller with NACA 10-(3) (08) -03 blades. Rotational speed, 
2000 rpm. 
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(b) Power coefficient. 

Figure 7.- Continued. Rotational speed, 2000 rpm. 
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(c) Efficiency. 

Figure 7.- Concluded. Rotational speed, 2000 rpm. 
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(a) Thrust coefficient. G 
E Figure 8.- Characteristics of three-blade propeller with NACA 10-(3)(08) -03 blades, Rotati.ma,l speed, 

2160 rpm. 
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(b) Power coefficient. 

Figure 8.- Continued. Rotational speed, 2160 rpm. W 
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Figure 8.- Concluded. Rdational speed, 218 rpm. 
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(a) Air-stream Mach number at maximum efficiency, 0.56. 

Figure 9. - Characteristics of three-blade  propeller with NACA 10-(3) (08) -03 
blades at high forward speeds. = 45O. 
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(b) Air-stream Mach number at maximum efficiency, 0.60. 

Figure 9.- Continued. 
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Figure 9.- Concluded. 
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Helical tip Mach number, M t  

Figure 11.- Effect of compressibility on power coefftcient at design  blade  angle for  the three-blade 
propeller in comparison  with  the  two-blade propeller of reference 1. 




